Introduction
Central serous chorioretinopathy (CSC) is a disease of neurosensory retinal detachment at the posterior pole caused by leakage of fluid through the decompensated retinal pigment epithelium (RPE) into the subretinal space. Men are more prone to CSC than women, and the average age of affected patients reported in recent large studies has ranged from 45 to 51 year. 1 Patients mostly complain of loss of visual function including blurred vision with a relative central scotoma and metamorphopsia, possibly associated with dyschromatopsia, micropsia, and a decrease of contrast sensitivity. 2 The natural course of acute form of CSC is benign. 3 A large proportion of CSC cases resolve spontaneously; however, up to 20% of patients may have persistent SRF and visual disturbances lasting several months. 4 When SRF persists longer than three or four months, the term chronic CSC (CCSC) is generally used. Some authors have defined chronicity as presence of persistent fluid for at least 6 months, whereas recent clinical trials have used three-month time frame as the standard. 5 Persistency of the SRF may result subretinal fibrin accumulation, RPE atrophy (RPEA), neurosensory retinal atrophic changes, or choroidal neovascularization. 6 Recurrences in the same or fellow eyes occur in 33-50% of cases, which may lead to visual dysfunction and could require starting of treatment. Patients with frequent recurrences or chronic neurosensory retinal detachment may develop further visual dysfunctions. 7 Clinicians do not only use the classification of CSC to define the term; classification also seems to be more helpful for informing the decision to start treatment. The goals of CSC treatments are to induce reattachment of the neurosensory retina, improve or maintain visual acuity, and avoid recurrences and loss of RPE. 7, 8 Photodynamic therapy (PDT), various forms of laser photocoagulation, intravitreal anti-vascular endothelial growth factor (anti-VEGF) agents, and systemic antimineralocorticoid drugs are some of the treatment options but they may have some undesirable side effects, including central or paracentral scotomas, contrast sensitivity loss, retinal distortion, choroidal neovascularization (choroidal ischemia, RPEA, endopthalmitis), and systemic side effects. 9, 10 When the conventional laser (CL) energy is emitted, ocular chromophores absorb the laser energy and convert it into heat that spreads forward to adjacent locations where there is no light absorption. Mainster summarized some principles for limiting retinal damage by changing wavelength, spot size, retinal irradiance, and pulse duration or varying clinical endpoints can minimize the effects of the laser energy. 11, 12 There is also a recent study comparing efficacy of CL and SMYL treatment in CCSC. They observed equivalent therapeutic effects but all eyes in the CL treated group had RPE damage. 13 Newer laser treatment modalities for various retinal diseases include sub-threshold micropulse lasers (SML), which do not result in photo-thermal elevation. SMLs are designed to avoid visible burn endpoints. They offer the advantage of precise control and spatial confinement of laser lesions to the RPE layer. Moreover, SMLs induce a biological response that promotes the recovery and restoration of the outer blood-retinal barrier, and ultimately, the resorption of the subretinal fluid. These protocols produce only sublethal thermal elevations, with effects that are invisible during treatment and remain so thereafter. 14 In this laser modalities, the whole-pulse duration is called a pulse envelope, which is divided into 100 micropulses, and each micropulse has 'ON' (active) and 'OFF' (off) time, with a ratio depending on the duty cycle (the ratio between the on time and whole micropulse on and off time-DC). DC is adjustable by the surgeon, thus controlling the intensity and the heat spread. 15, 16 There are limited studies, including mainly 810 nm SML and some 577 nm SML, which have mainly shown short-term effects in follow-up visits with a restricted number of eyes. [17] [18] [19] In this study, we aimed to show the long-term efficacy of 577 nm yellow wavelength SML (SMYL) in the treatment of CCSCR cases and evaluate the anatomic outcomes, visual results, OCT parameters, duration of starting treatment activity, recurrences, and safety profile of the treatment.
Materials and methods
Thirty-nine eyes of 39 patients who were diagnosed with CCSC or recurrent CSC at the Fatih Sultan Mehmet Training and Research Hospital from October 2014 through March 2017 were enrolled. This prospective study adhered to the ethical standards in the Declaration of Helsinki. The medical histories of the patients and the types of therapies, if any, that had been applied previously (focal laser, PDT, anti-VEGF agents) were noted. All eyes underwent initial assessment by measuring the BCVA using Snellen chart, CS testing with the Pelli-Robson chart, 90 diopter preset lens slit-lamb biomicroscopy. The inclusion criteria were as follows: (1) symptomatic CSC of 3 months or greater, (2) CSC with SRF involving the fovea documented by SD-OCT, and (3) patients who were eligible for monthly visit at least one year. Exclusion criteria were as follows: (1) patients who had a history of comorbide ocular conditions, (2) patients who had received anti-VEGF treatment within 6 months and conventional laser or PDT in the past one year before SMYL treatment, or (3) patients who were not followed up over 12 months after the start of SMYL treatment. Patients with serous macular detachment of the neurosensory retina on SD-OCT (Nikon RS-3000, Japan) and with a single or multiple active leakage sites and if any RPE changes on FA were diagnosed as CSC. All patients had undergone ICGA before treatment to ascertain the CSC diagnosis, and again at 12 month to determine any side effects such as choroidal neovascularization.
CMT, CMV (0.3 mm 3 central area of macula), TMV, and SFCT values were measured by SD-OCT for all eyes. SRFH was measured manually between the outer segment of the photoreceptor layer and the apical face of the RPE layer. All OCT measurements were performed by the same technician. In addition, all choroidal thickness data were assessed by the same ophthalmologist, using enhanced-depth imaging (EDI) scans, as the axial distance from the RPE to the outer choroid/sclera interface. These examinations were applied to all participants during each monthly visit. BCVA was converted to logarithm of the minimum angle of resolution (logMAR) units for statistical analysis.
In this study, a 577-nm SMYL system (Supra 577Y Subliminal Laser System; Quantel Medical, ClermontFerrand, France) was used for the treatment. Laser application was performed with an Area-Centralis lens (Volk Optical, Mentor, OH, USA). Micropulse laser power used in SMYL was derived for each eye from a test burn. Sub-threshold treatment was performed in the micropulse mode, using a 160-μm spot diameter and a 20-ms duration with 5% duty cycle (DC) energy. The power was initially enhanced to the minimum threshold value to Visual outcomes and anatomic changes after SMYL A Arsan et al
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Eye cause a barely visible burn, then it was reduced 50% of that energy level, so that no visible or detectable retinal changes were made. FA-guided images were used to determine the area to be treated, and the laser shots were delivered on active leakage area and surrounding neighborhood one-spot-size area. If the SRF was not completely resolved in 3 months after the treatment or there was a recurrence, SMYL was repeated.
We evaluated the BCVA and CS changes as well as changes in the OCT findings (CMT, TMV, CMV, SRFH) between the baseline and follow-up examinations. We also checked the SFCT changes assessed using the EDI-OCT technique and compared them with unaffected fellow eyes until the final follow-up. All measurements were made every month for all patients, but BCVA, CS, and main OCT findings are demonstrated at baseline, 3 months after treatment and at the final follow-up in this paper.
The number of recurrences after SMYL treatment and any adverse effects were recorded. Complete response was defined as complete resolution of SRF. If SRF decreased but was not totally absorbed, the treatment response was defined as incomplete resolution. Complete resolution of SRF was accepted as anatomical success. We evaluated the patients who gained 2 or more lines in BCVA as improved and any gain less than 2-line improvement as stable and any line loss of BCVA as worsened.
Statistical analyses
Statistical analyses were performed using SPSS ver. 21,0 (SPSS Inc., Chicago, IL, USA). The distribution of the data was tested for normality using the Kolmogorov-Smirnov and Shapiro-Wilk test. The SRF measurements and CS values were normally distributed, whereas BCVA (Snellen and logMAR), CMT, SFCT, CMV, TMV were not. Pre-and post-laser SRF height was analyzed using the paired Student's t-test. Descriptive analyses were presented using medians and interquartile ranger for the non-normally distributed and ordinal variables. Friedman tests were conducted to test whether there is a significant change in non-normally distributed variables and the other parameters were analyzed using the Wilcoxon signed-ranks test. Statistical significance was considered when P-value was o0.05.
Results
A total of thirty-nine eyes of 39 patients with a diagnosis CCSC were included into the study and treated with SMYL. Thirty-three patients were males and six females at the diagnosis with the mean age of 43.38 ± 13.85 years (range: 22-72). Mean duration time of symptoms before SMYL treatment was 14.67 ± 2.86 months (range: 4-60 months). In 10 eyes (25%) the duration of the diseases was o6 months and in 29 eyes (75%) it was more than 6 months. There were 17 patients who had received previous various treatment before SMYL treatment. Table 1 shows initial data of all patients.
The mean post-SYML treatment follow-up period was 19.82 ± 0.42 months (range: 16-27 months). The mean number of treatment sessions, including initial treatment and re-treatment was 1.4 (range: 1-4). The laser power used in our study ranged from 280 to 600 mW (mean: 44 953) and the average number of burns placed was 40 633 (280-746). There were 30 eyes (76.9%) with single leaks and 9 (23.1%) with areas of multiple leaks on FA.
Median BCVA before treatment was 0.40 Snellen (0.40 logMAR and mean BCVA: 0.44 ± 0.20 Snellen). Median BCVA at 3 months after treatment was 1.0 (0.0 logMAR and mean 0.84 ± 0.22 Snellen). The median BCVA at final follow-up was 1.00 (0.0 logMAR and mean 0.87 ± 0.20 Snellen). The BCVA was improved statistically significant at 3 months (Po0.01) and at the final follow-up (Po0.01) after the treatment. Of the 39 eyes, 32 eyes had 2 or more lines improvement, 3 eyes had one line improvement and 4 eyes had retained vision and accepted as stable at the end of 3 months. BCVA was improved in 35 eyes (89.7%), stable in 4 eyes (10.3%), worsened in none of the eyes at the final follow-up. The mean initial log CS was 1.32 ± 0.28, whereas at 3 months mean log CS was 1.78 ± 0.12; it was 1.81 ± 0.14 at the last visit (Po0.05). 
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All eyes showed a significant decrease in the SRF on SD-OCT; the average decrease in fluid height was 88.7% (Po0.001) by the end of three months. The mean resolution time of SRF was 2.10 months (range: 1 − 4 months). In 10 eyes with disease duration o6 months, mean SRF resolution time was 2.33 months and 29 eyes with diseases duration more than 6 months, mean SRF resolution time was 2.03 months. These differences were not statistical significant (P = 0.45). At 3 months, 32 eyes (82.05%) had complete resolution, and out of 39 eyes, 36 (92.3%) had complete SRF resolution at the final follow-up. At the final follow-up, residual SRF was present in three eyes (7.7%) in which re-treatment was performed. These three eyes had multiple leaks on FA and had longer duration time, 8, 24, and 60 months, respectively. The mean value of SRFH was 182 μm before laser treatment, whereas it was only 10 μm at last visit for three patients. Thus, SRFH was decreased by 93.8% after treatment.
The median CMT before treatment was 369 μm, in comparison to 256 μm after 3 months and 250 μm at the last visit, respectively (Po0.01). The initial median CMV and TMV decreased from 0. 30 2 shows a patient's FA and OCT finding). At the last visit, among the patients who had complete SRF resorption, the group of patients who had CMV levels higher than 0.2 mm 3 had better BCVA (mean BCVA was 0.92 ± 0.04) compared the group of patients had CMV levels o0.2 mm 3 (mean BCVA was 0.78 ± 0.14). However, these differences were not statistically significant (P = 0.064). In addition, we recorded longer duration time of symptoms with eyes who had CMV levels o0.2 mm 3 . The initial median SFCT in the affected eyes was 364 μm, which was significantly higher than the fellow eyes (unaffected eyes-321 μm). The median SFCT values in affected eyes were 350 μm at 3 months and 342 μm at the last visit. There were statistical differences between initial, 3 months and last follow-up values in term of SFCT decrease (Po0.01). The final SFCT differences between affected and unaffected eyes were not statistically significant (P40.01). Table 2 shows the changes of BCVA and OCT findings.
There were nine patients who had recurrent CSCR, with a mean recurrence time of 6 months (range: 4 − 8 month). All recurrent patients received re-treatment. Six of them responded completely, but three had residual SRF at the final visit. In addition, all recurrent patients had multiple leaks. Mean age of recurrent patients (50.41 ± 11.8 years) was higher than non-recurrent patients (40.25 ± 13.72) and this difference was statistically significant (P = 0.032). There were no reported adverse events during follow-up. Visual outcomes and anatomic changes after SMYL A Arsan et al
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Discussion
In CSCR, the ideal timing and treatment option remains to be determined. Although serous retinal detachment may resolve spontaneously, CSCR classically affects working middle-age individuals, whose ability to work may be compromised by the associated visual dysfunction. The presence of chronic SRF can lead to photoreceptor death, which can result in permanent visual loss and diffuse RPE damage. 7, 8, 20 However, it is not known which patient will become chronic because the pathophysiology is still not clearly understood. Abnormalities of the choroidal circulation, impaired autoregulation, and dysfunction of RPE barrier and pumping are believed to have an important role in the pathophysiology of this entity. Choroidal congestion and hyperpermeability have been frequently described in this disease. 21, 22 For this reason, it is referred to as part of the newly defined pachychoroid diseases group. 23, 24 Recently, the focus has been on treatment methods that will restore the proper pump function of RPE cells and safely reduce the choroidal vascular permeability. 20, 25 The 577 nm SMYL is designed to target the RPE while minimizing the negative thermal effects on the neural retina and deeper structures. These modality is termed 'photostimulation,' as opposed to 'photocoagulation'. 26 Studies conducted to understand cellular responses to subtreshold, sublethal hypertermia showed significant increase in heat shock protein (HSP) transcription. HSPs are a group of ubiquitous, well-described proteins that are expressed in response to cellular stress. 27 Acting as chaperone proteins, HSPs can assist in the refolding of denaturated proteins and inhibit inappropriate protein aggregation. In addition, HSPs interact with and stabilize the cytoskeleton and help to maintain the cellular structure. The HSP70 in particular is known to be expressed in conditions of thermal, ischemic and oxidative stress. Moreover, HSPs have activity against apoptotic pathways and inflammation. 28 In this study, 577-nm SMYL for CCSC showed good long-term clinical effects, improving BCVA and decreasing CMT. BCVA was improved in 35 eyes (89.7%), stable in 4 eyes (10.3%) at the final follow-up. CMT was decreased from 369 to 256 μm at 3 months and to 250 μm at the last visit. These results are comparable with those of studies that used 577-nm SMYL treatment, such as that of Abd Elhamid, who reported that BCVA was improved in nine eyes (60%) stable in six (40%) at 6 months after SMYL treatment. In this study, residual SRF was present in two eyes after 6 months using 577-nm SMYL with 10% DC. 29 The 6-week results of another recent study using 577-nm Abbreviations: BCVA, best-corrected visual acuity; CMT, central macular thickness; CMV, central macular volume (mm 3 ); SFCT, subfoveal choroidal thickness (μm); TMV, total maular volume (mm 3 ). Data are presented as median (interquartile range).
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A Arsan et al SMYL with 5% DC in 42 eyes showed that 23 eyes had one or more line improvements, whereas 33 were regarded as having responded to treatment. 30 CS was improved with 577 nm SMYL treatment. CS is important because it provides valuable information, independent of VA. Furthermore, it is an important predictor of realworld performance and may be useful for monitoring ophthalmic treatment and detecting disease, especially in CSC. 31 Low CS levels may be present even in spontaneously resorbed or those responsive to treatment. SML application might be another beneficial point in this cases.
The lack of a well-defined titration procedure and a wide variety of settings in various clinical trials is reflected in the variable results with this technology exhibited herein. As far as we know, this is the only study using 577 nm SMYL with 5% DC mode delivered only on FA leakage points. In this study, we showed the efficacy and safety of 577-nm SMYL with 5% DC energy in CCSC treatment. Kim et al 19 and Yadav et al 32 reported that 577-nm SMYL for CCSC showed good short-term clinical effects, improving BCVA and CMT, with 15 and 10% DC, respectively. These studies had smaller amount of participants compared to our case series.
SML technology can be performed with either 810-nm or 577-nm wavelength lasers. The 577-nm yellow laser light provides maximum absorption by both of oxyhemoglobin and melanine. 33 This leads to energy being concentrated in a smaller volume, which in turn allows for a reduction in power and shortened pulse duration. It also has negligible xanthophyll absorption, which allows more secure treatment close to the fovea. 34 There are several studies using 810-nm diod SML for CSC treatment, but their average laser power were higher than mean laser power used in this study. 17, 35 This may emphasize that yellow wavelength laser is better absorbed by RPE and hemoglobin, thus achieving the target effects at lower power than 810-nm diode SML modalities. However, no study has reported complications attributed to treatment, except for two studies using 810-nm diode SML, which reported some pigmentary changes in the RPE that were attributed to SML treatment but only in a few cases. 35, 36 Review of the published studies on 'nondamaging retinal laser therapy' showed improvements in visual acuity and retinal thickness, especially for the studies that did include observation, there was a statistically significant treatment effect noted at all time points. 37 Monthly follow-ups were preferred to determine the average SRF resolution time and SFCT changes as well as to detect possible side effects. The mean SRF resolution time was 2.1 months (range: 1-4 months). This resolution time range may be an indicator when determining the anatomical recovery period and the observation time of re-treatment decision. Although this time period involves a spontaneous regression period according to some authors, who classify it as a chronic diseases after 6 months of observation, we believe that the response to treatment was relatively rapid and safe as it was correlated with SFCT decrease. As Daruich et al 38 pointed, older age, higher SFCT, and the higher degree of RPE alteration at leakage sites are independent factors of longer acute CSC episodes. One of the study which compared the efficacy of SMYL and PDT, it was shown that both half-dose PDT and 577-SMYL were potent treatments for CCSC. But patients with a diseases duration of o1 year showed a better treatment response only after SMYL and besides they observed choroidal neovascularization and allergic reaction in PDT group. 39 577-SMYL treatment can be chosen as an alternative early treatment modality in some subgroup patients who are prone to longer episodes and chronic changes.
Another finding of our study was that after the SMYL, the SFCT were significantly decreased; there were no significant differences between the SFCT values of the affected and unaffected eyes at the last visit. Kim et al 19 and Ozmert et al 40 showed that choroidal thickness did not change with statistically significantly at final followup after the 577-nm SMYL treatment. These authors performed treatment over the entire area of CSC which had formerly used an OCT guided approach to cover the edematous area entirely on the OCT thickness map. We believe that the treatment of limited affected areas performed by FA-guided technique is the reason of our finding that SFCT was decreased due to balancing of nonfunctional and functional RPE cells. As this limited treatment option helps decrease choroidal thickness, it might be an applicable option for other pachychoroid diseases.
However, nine cases who had recurrences, had multiple leakage sites on FA and all nine of those patients had been previously treated with different treatment modalities listed on Table 1 . Among these cases, three eyes had persistent SRF at final follow-up. Old age, diffuse RPE alterations and multiple leakage sites were the common features in these three patients. This was also reported in a recent study emphasizing younger patients responded better to therapy with 577 nm SMYL. 41 Although our findings suggest that 577 nm SMYL for CCSC is effective and safe, this new laser modality may not completely prevent the recurrence of CCSC with multiple leakage in older patients.
The limitations of the study include the lack of a control group and procedure guidelines, including laser power setting, precise indications of re-treatment, a follow-up plan, and a re-treatment plan. We have detected SMYL treatment to be an effective method in the management of CCSC. There was a significant anatomical (resolution of SRF) and functional success (improving BCVA and CS) in the treated eyes in our study. As the response was rapid and the procedure was safe, it may be possible to offer this treatment at an earlier time to patients with a significant drop in vision, in those requiring early visual rehabilitation, those with a massive SRF, for 'one-eyed' patients or those with mandatory corticosteroid use, such as transplant patients at the early episode itself. Treatment at an early stage may prevent recurrences and irreversible visual loss. In sum, 577-nm SMYL is a valid treatment option for CCSC.
Summary
What was known before K Our study showed that sub-threshold micropulse yellow laser treatment is an effective method in the management of CCSC. There was a significant anatomical (resolution of subretinal fluid) and functional success (improving visual acuity and contrast sensitivity) in the treated eyes in our study.
What this study adds K This is a new laser treatment procedure and this study include large population and long-term follow-up.
